Purpose To determine if bestrophin is present in the basal membrane of macular retinal pigment epithelium (RPE) and in drusen of rhesus monkeys with age-related drusenoid maculopathy. Methods The macular region of three rhesus monkeys (Macaca mulatta), 23-24 years of age, with drusenoid maculopathy was dissected from eyes fixed with 4% paraformaldehyde. The macula was sectioned into rectangular pieces. The sclera was removed from each segment and the remainder separated into segments of neural retina with retinal epithelium or choroid with retinal epithelium. These segments were incubated with a goat polyclonal antibody to human bestrophin 1, reacted with gold-labeled rabbit antibody to goat IgG, silver-enhanced, and processed for transmission electron microscopy.
Introduction
Bestrophin 1 is a protein located uniquely in the basallateral membrane of the retinal pigment epithelium (RPE) [6, 8] and is considered to be an anionic conduction pathway [4] . Members of this family of proteins are located in plasma and cytosolic membranes of many other cells in a wide variety of animals, including arthropods [4] . Mutations in the human gene (hBest 1), which encodes the unique RPE form of the protein, cause vitelliform macular dystrophy [7, 9] . The precise functional role of RPE bestrophin is unclear, although there is much evidence that it is a chloride channel [4] . It is unclear why mutations in bestrophin protein lead to vitelliform macular degeneration. Recent immuno-histochemical studies using light microscopy found that bestrophin is less expressed in the macula than in the peripheral retina, even though abnormalities produced by mutations in this protein localize mainly to the macula [8] .
We have used immune-gold labeling to determine if bestrophin can be identified in the basal membrane of the RPE in the macula of rhesus monkeys with drusenoid maculopathy, and whether it can also be found in drusen, which are thought to arise partly as a result of the budding and degeneration of segments of basal membrane of the RPE [1, 2, 5] . The results reveal bestrophin's presence in the basal membrane of RPE and in membranous debris within drusen, providing more support for the hypothesis that some of the material accumulating within drusen comes from segments of RPE basal membrane.
Methods
The macular retinas of three female rhesus monkeys (Macaca mulatta), two 23 and one 24 years old, all with moderately severe drusenoid maculopathy [3] , were examined for the presence of bestrophin, using immune-gold electron microscopy. After euthanasia, the eyes were fixed rapidly in 4% paraformaldehyde in phosphate buffered saline (PBS); the globes were pierced to facilitate diffusion of the fixative into the vitreous. After storage at 4 o C in fixative for several weeks, the eyes were washed with PBS and dissected with the aid of a surgical microscope. The macula was identified and cut into a square approximately 15×15 mm, centered on the fovea. This segment was sectioned into multiple smaller rectangular pieces. The sclera and neural retina were removed from each piece. In some cases the RPE stayed with the neural retina, and in others it remained with the choroid. One end of each piece was cut into three or four finger-like processes in order to facilitate diffusion of the antibodies into the tissues. Each piece was placed in a separate chamber of a 96-well plate and then immersed in a serial change of solutions. Each piece was first immersed in 0.05% glycine in phosphate buffer (PB) to inactivate aldehydes, and then washed repeatedly with PB. The multi-welled plate was rotated continuously after a change of solution. Cell membranes were made more permeable using a 0.05% solution of triton × 100 in PB for 30 minutes and then washed repeatedly. The pieces were incubated in a blocking solution containing normal rabbit serum (Aurion Blocking solution, Wageningen, the Netherlands) for 1 hour at 4 o C. The pieces were washed in PBS with 0.2% bovine serum albumin (BSA-c TM , Aurion) and then incubated with a polyclonal goat antibody to human bestrophin 1 (C14: sc-22027, Santa Cruz Biotechnology Inc, Santa Cruz, CA, USA) diluted 1/10, 1/100, 1/200, 1/500 with PBS and 0.2% TM and post-fixed with 2.5% glutaraldehyde in PB for 2 hours. After washing, the pieces were incubated in R-Gent SE-EM silver enhancement mixture (Aurion) for 90 minutes and washed with distilled H 2 O. The pieces were immersed in 0.5% OsO 4 in PB for 15 minutes, dehydrated, epon-embedded and sectioned for light and at selected sites for electron microscopy. Ultra-thin sections were examined by trans- Fig. 3 a Shows a control section which was not exposed to the primary antibody; higher magnified views of a show no particles. b Shows a section from the same retina that was exposed to the primary antibody. The magnified inset shows the silver/gold particles more clearly. The calibration below a indicates 500 nm for a, 188 nm for b and 77 nm for the inset Fig. 4 Shows the basal membrane of an RPE cell in which the spacing between the silver/gold particles was measured. The arrows show the particles considered for measurement. An asterisk marks the same structure in the upper photo and the magnified inset (lower right). A calibration, below, indicates 100 nm for the upper photo Arrowheads mark silver/gold particles on the basal membrane. A white rectangle encloses an area with curled membranous material. Higher magnification of this area (Fig. 9 ) reveals bestrophin-linked silver-gold particles in this membranous material. The calibration, lower right, indicates 100 nm Fig. 9 Shows a magnified view of the area enclosed by the rectangle in Fig. 8 . The silver-gold particles labeling bestrophin are obvious. A calibration, lower right, indicates 80 nm
Results
Figures 1 and 2 illustrate silver-enhanced gold particles along the basal surface of the RPE layer in the macula of both 23-year-old rhesus monkeys with drusenoid maculopathy. There is a quasi-linear array of particles along the basal membrane of this RPE cell. An arrow points out such a particle in each figure. A few particles are seen in the cytoplasm. A magnified insert shows how close the particles are to the basal membrane of the RPE cell. No such particles were found along the basal membrane of the RPE in negative control specimens (Fig. 3) . Immuno-gold labeling was most extensive in specimens where the RPE layer had remained attached to the neural retina, thereby exposing it more to the antibodies.
We measured the spacing between silver/gold particles in samples containing the maximum density of particles (Figs. 4 and 5) . The particles counted are marked by arrows. Although some regions are distinct for the regularity of the spacing between particles, there is much variability. The majority of the particles are located on the basal membrane of the epithelial cells, with very few in the cytoplasm. This spacing extends from 100 to 600 nm, with a mean of 224 nm and a median of 170 nm. This gives a spacing density of about 5 to 100 bestrophin molecules/ micron 2 of basal membrane. We have not included very rare cases where two particles are overlapping such as seen in Fig. 3b (inset) . We think this may be the result of the antibody labeling both members of a dimer.
Drusen were also found with silver/gold particles labeling bestrophin. Figure 6 shows an example of a druse with membranous material (white rectangle) that contains typical silver/gold particles, better seen in a magnified view of this area (Fig. 7) . The particles are located on curled membranous-like structures that resemble the degenerating remains of plasma membrane. Figure 8 illustrates another example of a druse containing bestrophin-labeled silver/gold particles (white rectangle). Again, the label is located on curled membranous-like material and in a quasi-linear array as observed along the base of the intact retinal epithelium (Fig. 9) . There was little to no label along the basal membrane of the retinal epithelial cell at the dome of these drusen. The drusenoid material may be blocking the antibodies accessibility to the basal membrane.
Discussion
These results confirm previous reports that used light microscopic immuno-histochemistry to show localization of bestrophin to the basal membrane of the retinal epithelium [6, 8] . Immuno-gold labeling and electron microscopy detects single molecules of this protein, and thus allows quantifying the density of bestrophin on the basal membrane. We estimated a density of about 5-100 bestrophin channels/micron 2 . However, this may be a low estimate because the antibody may not label every bestrophin molecule, and variations in the accessibility of the antibodies to the protein may hinder such quantification. We found that removing RPE from Bruch's membrane led to greater staining, presumably due to a greater accessibility of the antibody to the basal surface of the RPE cell. We observed less staining of the basal membrane of RPE cells at the dome of a drusen. Again, this difference could be due to less accessibility to the protein. In these current experiments, the tissue was exposed to the antibodies before ultra-thin sectioning. This process of postembedding exposure of the antibodies to ultra-thin sections might reduce variability and give a more accurate measurement of bestrophin density. This process would be useful for elaborating on the observations made by light microscopy and biochemistry, which indicate a lesser quantity of bestrophin on macular than on peripheral RPE [8] , and also clarify whether the basal membrane of RPE over drusen express less bestrophin.
To our knowledge, this is the first evidence of the presence of bestrophin within drusen. Its location along segments of membranous material within the center of drusen further supports the hypothesis that some, perhaps much, of the material that accumulates within drusen is due to the budding of segments of basal cytoplasm, including basal plasma membrane, from aging retinal epithelial cells [1, 2, 5] . It is interesting that the protein seems to survive for some time in these segments of membranous material. It would be informative to know the time course of this survival.
